Abstract: A method of construction of A-optimal binary block designs for multiple asymmetrical parallel line assays has been proposed. Illustration of the method with examples has been provided. By this method two series of designs are obtained. The first series of designs have equal replication of treatments with unequal block sizes. The second series of designs have equal block sizes with unequal replications of treatments.
INTRODUCTION
Bioassays are procedures that can determine the concentration of purity or biological activity of a substance on living organisms. These are carefully designed experiments in which two stimuli are applied to subjects. One preparation of stimulus (standard preparation) is of known strength while the other preparation is of unknown strength (test preparation).
Comparison is made between the activities of living organisms between these two stimuli. Purpose behind conducting bioassay is to estimate the relative potency of the test preparation relative to the standard preparation. Parallel line assay is one of the important assays used in many research experiments. In parallel line assays, the two dose-response regression lines for each of the two stimuli are taken as parallel. There are three major contrasts of interest namely, preparation, combined regression and parallelism are used to get a valid estimate of the relative potency. It is desirable that when a block design is used for an assay, these contrasts of interest are estimated with high efficiency. In some instances, interest of experimenter also lies in comparing several test preparations with more than one standard preparation. Such assays are called as multiple bioassays. The utility of multiple bioassays is undisputed because resource crunch is ubiquitous. Such assays are more economical and pragmatic. Advantage of multiple bioassays is that it can be conducted as separate assays, whose results will eventually be combined to get final result. Finney [8] pointed out that conducting separate experiment for each comparison is expensive as well as not practical.
Multiple bioassays need to apply the principles of assay design and the general theory of experimental design for factors at two or more levels. The number of doses (treated as treatments) increases rapidly in case of multiple bioassays. When the number of experimental units within homogeneous set is less than that of total number of doses then recourse is made to use of incomplete block designs. It is almost imperative to use an incomplete block design for conducting multiple bioassays. If the number of doses for all the preparations is same, then the assays are known as symmetric and if the number of doses of at least one preparation is different, then the assay is known as asymmetric. We are concerned about the asymmetric parallel line assay in this paper. Incomplete block design for symmetric parallel line assays for comparing a single test preparation have been investigated by several authors (see for example [6] , [7] , [9] , [10] , [11] , [13] , [14] ).
Optimality aspects of block designs for parallel line assays were first considered by Mukerjee and Gupta [12] . They have given the A-optimality criterion of block designs for the estimation of the three contrasts of interest. Many optimal designs are now available in the literature for symmetric parallel line assay. Some references in this http://journals.uob.edu.bh regard are due to [2] , [3] , [4] , and [17] . However, very little work is available on incomplete block designs for asymmetric parallel line assays. Reference [10] introduced  -designs which are equi-replicate and proper.
Reference [2] extended this method to non-proper designs. Recently [16] gave two series of designs for asymmetrical parallel line assay. All these studies are confined to the case where a single test preparation is compared with a standard one. Some work on multiple symmetric parallel line assays are done by [1] , [17] , [15] and [18] . However, no work seems to be available for multiple asymmetric bioassays.
The purpose of this paper is to present a methodology for construction of A-optimal block designs for multiple asymmetric parallel line assays. This method is an extension of the method given by [16] . All these designs permit the estimation of three main contrasts with full efficiency. In Section 2, some preliminaries are discussed. Section three deals with A-optimality aspects of block designs for asymmetric parallel line assays. In section 4, a general method of construction has been discussed. Method is illustrated with examples. Two cases of this method have been considered. In the first case designs are obtained for equal replication of doses and in the second case designs with unequal replications are obtained. All matrices and vectors are real, vectors being written as column vectors. We denote an n-component vector of unities by n 1 and by n I an identity matrix of order n. For a matrix A, A will denote the transpose of A. Normalized versions of these contrasts, viz., preparation, combined regression and parallelism contrasts for simple bioassays was given by [12] . We extend this for the case of multiple bioassays having one standard and c test preparations as follows: 
CONTRASTS FOR MULTIPLE PARALLEL LINE ASSAY
where (i) These set of contrasts will reduce to simple asymmetric parallel line assays when we take c =1 and m 1 ≠ m 2 . (ii) These set of contrasts will reduce to symmetric multiple parallel line assays with c tests when we take m 1 = m 2 =…=m c+1 = m. (iii) These set of contrasts will reduce to symmetric parallel line assays when we take c =1 and m 1 = m 2 = m. We represent these three contrasts by Uτ , where
A-OPTIMAL DESIGNS FOR ASYMMETRIC PARALLEL LINE ASSAYS
Use of incomplete block designs in bioassays has been affected by the rigidity of such designs. The core concern of such designs is to estimate the differences between all pairs of treatments with the same (or nearly the same) variance. But in bioassays all contrasts are not of equal importance. In parallel line assay only three contrasts, as mentioned earlier, are of major importance. From Lemma 3.1 of [10] , it follows that
Now suppose that there is a design Using equation (5), the condition for getting fully efficient binary design d 0 for asymmetric parallel line assay is given in Lemma 3.1 of [16] . We extend that condition for multiple asymmetric parallel line assay as. 
for i = 1, 2, …, c. Then from equations (7) and (8) we must have
We find that (9) 
In the next section, using Lemma 3.1 above, we give methods of construction of binary block designs for multiple asymmetric parallel line assays in which all three contrasts of interest can be estimated with full efficiency.
A METHOD OF CONSTRUCTION OF A-OPTIMAL DESIGNS FOR MULTIPLE ASYMMETRIC PLA
In order to construct designs satisfying the conditions of Lemma 3.1, first we obtain some incidence vectors for each of the incidence matrices Here the value of g is 2. Thus for a single replication the incidence matrix becomes . Suppose now that we want a design with three replications, then the above incidence matrix is repeated three times and the incidence matrix for the design is given by In the above matrix, the first five columns represent the incidence of the standard preparation doses, next ten columns represent the incidence of the first test preparation and last fifteen columns represent the incidence of second test preparation. The design has b = 6 blocks, three of them are of size 12 and three are of size 18. In order to have replication numbers to be an integer value we first workout least common multiple of b i 's (say λ). We take λ as the total number of blocks in the design i.e., the number of blocks in all 
In the final incidence matrix 
In order to get designs having more replications, the same set of λ incidence vectors need to be repeated desired number of times. Thus we have the following result. 
